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(57) ABSTRACT

A method of controlling an automatic shifting power trans-
mission having a fluid coupling device, at least one reaction
clutch disposed 1n series with the fluid coupling device, and
an electric machine disposed 1n series with the tluid coupling
device and the at least one reaction clutch includes energizing
the electric machine to provide additional torque to the first
gear reaction clutch when the automatic shifting power trans-
mission 1s 1n a first gear launch maneuver and partially engag-
ing the at least one reaction clutch corresponding to a first
gear engagement to effect the first gear launch maneuver
when engine load 1s at or above a predetermined value. The at
least one reaction clutch corresponding to the first gear
engagement 1s fully engaged when engine load 1s below the
predetermined value.

9 Claims, 3 Drawing Sheets
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VEHICLE LAUNCH DEVICE HAVING FLUID
COUPLING

FIELD

The present disclosure relates to a mechanism and method
of controlling an automatic shifting power transmission.

BACKGROUND

The statements 1n this section merely provide background
information related to the present disclosure and may or may
not constitute prior art.

In automatic shifting power transmissions, gear ratio
changes are eflected by selectively connecting members of
planetary gear sets. This 1s accomplished by selectively
engaging torque-transmitting devices such as brakes or
clutches. For each gear ratio change, there 1s a corresponding
sequence of off-going clutch disengagement and on-coming
clutch engagement. By providing a regulated fluid pressure
gain to the clutches, the smooth engagement and disengage-
ment of the clutches may be accomplished.

Additionally, a majority of automatic shifting power trans-
missions employ a hydrodynamic fluid drive, such as a torque
converter or a fluid coupling, between the power source (en-
gine) and a multi-speed gear configuration, such as the plan-
ctary gear arrangement discussed above. This hydrodynamic
fluid drive will allow the vehicle to come to rest without
stalling the engine and will provide a measure of 1solation
preventing the torsional vibrations, caused by the firing
events of the engine, from being transmitted though the pow-
ertrain.

As 1s well known, the hydrodynamic fluid drive 1s a slip-
ping drive that has a high efficiency loss at vehicle launch.
This loss decreases, but 1s still present, as the hydrodynamic
fluid drive approaches a 1 to 1 speed ratio at high speed and
low torque.

The stall speed of the hydrodynamic fluid drive 1s an 1impor-
tant consideration for proper vehicle launch. The stall speed 1s
the speed at which the hydrodynamic fluid drive will hold the
engine speed and not allow further gain. The stall speed 1s
usually chosen based on engine torque characteristic, vehicle
weight, vehicle duty cycle, etc. A properly selected stall speed
will allow the engine to spin to the peak torque range to atfect
a strong vehicle launch.

However, once a hydrodynamic fluid drive 1s selected with
a specific stall speed that stall speed cannot be adjusted
regardless of changing conditions or circumstances. There-
tfore, 1t 1s desired to be able to alter the etflective stall speed of
the hydrodynamic fluid drive. Under certain circumstances a
higher stall speed 1s desired to improve launch performance
of the transmission. Under other circumstances, a lower stall
speed 1s beneficial by providing suflicient launch perfor-
mance while improving efficiency or other performance
parameters. Accordingly, there 1s room in the art for control-
ling a powertrain to modily the stall characteristics of a flmd
coupling device to increase eificiency.

SUMMARY

In one example of the present disclosure a method of a
hybrid powertrain having a transmission 1s provided. The
transmission includes a flmd coupling device, at least one
reaction clutch disposed 1n series with the fluid coupling
device, and an electric machine disposed in series with the
fluid coupling device and the at least one reaction clutch. The
method 1includes the steps of energizing the electric machine
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to provide additional torque to the torque transmitted by the
fluid coupling device when the automatic shifting power
transmission 1s 1n a first gear launch maneuver and partially
engaging the at least one reaction clutch corresponding to a
first gear engagement to effect the first gear launch maneuver
when engine load 1s at or above a predetermined value.

The at least one reaction clutch corresponding to the first
gear engagement 1s fully engaged when engine load 1s below
the predetermined value.

In one example ol the present disclosure the method further
includes providing a one way clutch disposed 1n series with
the fluid coupling device and the electric machine.

In another example of the present disclosure the one-way
clutch 1s configured to transmit torque from the tluid coupling
device to the electric machine and to prevent torque from
transmitting from the electric machine to the fluid coupling
device when the electric machine overruns the fluid coupling
device.

In yet another example of the present disclosure the method
turther includes disengaging the first of the at least one reac-
tion clutch corresponding to the first gear engagement when
the automatic shifting power transmaission 1s in either a drive
or a neutral gear state and an engine 1s 1dling.

In yet another example of the present disclosure the method
turther 1includes providing a lock-up clutch disposed 1n par-
allel with the fluid coupling device.

In yet another example of the present disclosure the lock-
up clutch 1s an electronically controlled capacity clutch.

In yet another example of the present disclosure the method
further includes fully engaging another of the at least one
reaction clutch corresponding to the appropriate gear engage-
ment when the automatic shifting power transmission 1s in
second gear or higher; and engaging a lock-up clutch dis-
posed 1n parallel with respect to the fluid coupling device.

The present disclosure also provides a powertrain includ-
ing an electric machine, a fluid coupling device in series
relationship with the electric machine, a first gear clutch in
series relationship with the fluid coupling device, the first
gear clutch being operable to slip during a first gear launch,
and a one-way clutch in series relationship with the reaction
clutch and the fluid coupling device. The one-way clutch 1s
operable to selectively disconnect the electric machine from
the fluid coupling device.

The powertrain of the present disclosure also includes a
lock-up clutch 1n parallel relationship with the fluid coupling
device.

In one example ol the present disclosure, the lock-up clutch
1s an electronically controlled capacity clutch.

In another example of the present disclosure, the one-way
clutch 1s disposed between the fluid coupling device and the
clectric machine.

Another example of a method of controlling a powertrain
according to the principles of the present disclosure includes
the steps of providing a fluid coupling device 1n series rela-
tionship with a primary engine and a transmission output
shaft, providing an electric machine in series relationship
with the fluid coupling device and the transmission output
shaft, providing a first gear reaction clutch 1n series relation-
ship with the fluid coupling device, the electric machine, and
the transmission output shaft, providing a lock-up clutch in
parallel relationship with the fluid coupling device, monitor-
ing a load on the primary engine, partially engaging the first
gear reaction clutch when the load on the primary engine 1s at
or above a first predetermined value to effect the first gear
launch, energizing the electric machine during the first gear
launch to provide additional torque to the torque transmaitted
by the fluid coupling device, and partially engaging the lock-
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up clutch and fully engaging the first gear reaction clutch
when the load on the primary engine 1s at or below a second
predetermined value.

In another example of the present disclosure, the first pre-
determined value 1s approximately equal to the second pre-
determined value.

In yet another example of the present disclosure, the
method includes the step of fully engaging the first gear
reaction clutch and tully disengaging the lock-up clutch when
the load on the primary engine 1s between the first predeter-
mined value and the second predetermined value.

In yet another example of the present disclosure, the
method includes the step of disengaging the first gear reaction
clutch when the transmaission is 1n either a drive or a neutral
gear state and the primary engine 1s 1dling.

Further objects, examples and advantages of the present
disclosure will become apparent by reference to the following
description and appended drawings wherein like reference
numbers refer to the same component, element or feature.

DRAWINGS

The drawings described herein are for 1llustration purposes
only and are not intended to limit the scope of the present
disclosure 1n any way;

FIG. 1 1s a schematic view of an embodiment of a power-
train according to the present disclosure;

FIG. 2 1s a schematic view of an embodiment of a power-
train according to the present disclosure 1n a first gear launch
mode of operation;

FIG. 3 1s a schematic view of an embodiment of a power-
train according to the present disclosure 1n a second gear or
higher mode of operation; and

FI1G. 4 1s a flow chart illustrating the steps of a method of
operating the powertrain according to the principles of the
present disclosure.

DETAILED DESCRIPTION

With reference to FIG. 1, a powertrain according to the
principles of the present disclosure 1s generally indicated by
reference number 10. The powertrain 10 includes a first or
primary power source 12, a second or secondary power
source 14, a fluid coupling device 16, a transmission 18, and
a final drive mechanism 20. In the example provided, the first
power source 12 1s an internal combustion engine, however
the first power source 12 may be an electric motor or machine
without departing from the scope of the present disclosure.
The first power source 12 includes an output member 22. The
first power source 12 1s operable to provide an output torque
or power to the output member 22. The second power source
14 1s preferably an electric machine having a stator and rotor,
as 1s known 1n the art.

The fluid coupling device 16 includes a pump section 24
and a turbine section 26. The fluid coupling device 16
includes a hydraulic fluid, such as an o1l, located within the
pump section 24 and the turbine section 26 that hydrodynami-
cally couples the pump section 24 with the turbine section 26,
as 1s known 1n the art. The pump section 24 1s interconnected
with the output member 22 of the first power source 12. The
turbine section 24 1s interconnected with a first intermediate
or interconnecting member 28. The fluid coupling device 16
1s preferably located 1n a bell housing portion 30 forward of
the transmission 18.

The transmission 18 1s preferably a multi-speed automatic
shifting power transmission and includes a transmission gear-
box input shait 32 and a transmission output shaft 34. The
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transmission gearbox iput shaft 32 1s interconnected to the
second power source 14. A mechanical transmission pump 36
1s connected with the transmission gearbox input shatt 32 and
1s operable to provide pressurized hydraulic fluid to the vari-
ous components of the transmission 18. The transmission 18
turther includes a plurality of gear sets (not shown) and torque
transmitting devices (not shown) that cooperate to provide a
plurality of forward and reverse gear or speed ratios between
the transmission gearbox input shaft 32 and the transmission
output shait 34.

The final drive mechanism 20 1s interconnected to the
transmission output shait 34. The final drive mechanism 20
may have various components without departing from the
scope of the present disclosure and may include a differential,
axles, and drive wheels.

The powertrain 10 further includes a lock-up clutch 38 1n
parallel with the fluid coupling device 16. More specifically,
the lock-up clutch 38 1s mterconnected to the engine output
member 22 and the transmission gearbox mput shait 32. The
lock-up clutch 38 is operable to lock the engine output mem-
ber 22 to the transmission gearbox mnput shait 32 thereby
allowing them to rotate in unison. By locking the transmis-
s1on gearbox mnput shait 32 to the engine output member 22,
the etficiency of the powertrain 10 will increase by reducing
the slip losses of the fluid coupling device 16. In a preferred
embodiment, the lock-up clutch 38 1s an electronically con-
trolled capacity clutch. The electronically controlled capacity
clutch will allow a slight amount of slip to occur between the
transmission gearbox input shaft 32 and the engine output
member 22. This slip decouples the transmission gearbox
input shaft 32 and the engine output member 22 and helps to
attenuate the transmission 18 of torsional vibrations created
by the finng events of the primary power source 12 to the
remainder of the powertrain 10.

In the example provided, the engine output member 22
includes a damper 40 1n series with the lock-up clutch 40 and
the first power source 12. The damper 40 operates to further
isolate the torsional vibrations created by the firing events of
the first power source 12. The damper 40 may include a
compliant member 42 such as a spring. The damper 40 may
also include a lock-out clutch 44 operable to bypass the com-
plhiant member 42. The lock-out clutch 44 1s useful when
starting or stopping the primary power source 12 as the pri-
mary power source 12 may produce aresonance at low engine
speeds.

The powertrain 10 includes a one-way clutch 45 intercon-
nected with the first intermediate or interconnecting member
28 and the transmission gearbox input shait 32. The one-way
clutch 45 does not hold or transmit torque 1n one direction of
rotation and holds torque or overruns 1n the other direction of
rotation, as 1s known in the art. By selectively decoupling the
secondary power source 14 from the fluid coupling device 16
spin losses are minimized when the secondary power source
14 1s energized.

The powertrain 10 further includes a reaction clutch 46
located within the transmission 18 and interconnected with
the transmission gearbox input shaft 32 and the transmission
output shait 34. The reaction clutch 46 1s selectively engage-
able and operable to selectively lock and unlock the transmis-
s10n gearbox input shaft 32 with the transmission output shaift
34. The reaction clutches 46 1s preferably a fluid-operated
multi-plate clutch. The reaction clutches 46 1s selectively
controlled 1n engaged and disengaged states by conventional
clectro-hydraulic mechanisms, not shown, which include a
hydraulic valve arrangement and an electronic control unit
(ECU) that incorporates a conventional programmable digital
computer. The reaction clutch 46 1s engaged and disengaged
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in accordance with performance and operating signals such
as, for example, engine speed, vehicle speed, and engine
torque to name a few. Those familiar with the art of transmis-
sion control will be familiar with the many features and
functions that are available with electronic controls. The reac-
tion clutch 46 may alternatively be a brake and may be asso-
ciated with a first forward gear ratio. The transmission 18
preferably includes additional reaction clutches and brakes
whose engagement correspond to additional forward and
reverse speed ratios.

The reaction clutch 46 includes a plurality of reaction
plates 48 interleaved with a plurality of iriction plates 50.
Each of the friction plates 50 has a first friction-facing layer
52 and a second Iriction-facing layer 54 each disposed on
opposite faces of the Iriction plate 50. The friction-facing
layers 52 and 54 frictionally engage the reaction plates 48.

FIG. 1 1s a schematic representation of the powertrain 10
illustrating the neutral/drive gear state and engine idle mode
of operation. In this mode, the reaction clutch 46 1s disen-
gaged, thereby decoupling the transmission output shaft 34
from the transmission gearbox iput shaft 32 and thereby
mimmizing the reaction force imparted on the turbine section
26 of the fluid coupling device 16. As a result, the parasitic
losses produced by partially engaging the fluid coupling
device 16 are mimmized.

With reference to FIG. 2, a schematic representation of the
powertrain 10 1s shown that illustrates the first gear launch
mode of operation. In this mode, the tfluid coupling device 16
1s filled and charged with hydraulic fluid, the second power
source 14 1s optionally engaged to provide additional torque
to the transmission gearbox input shait 32, and the reaction
clutch 46 and the lock-up clutch 38 may be controlled 1n a
partially engaging condition 1in order to vary the stall speed of
the fluid coupling device 16. More specifically, in order to
increase the stall speed of the fluid coupling device 16, the
reaction clutch 46 1s controlled 1n a partially engaging con-
dition. By partially engaging the reaction clutch 46, the first
power source 12 can spin to its peak torque band to allow a
strong vehicle launch. In effect, partially engaging the reac-
tion clutch 46 artificially tunes the stall speed of the fluid
coupling device 16 thereby enabling the usage of a highly
eificient or “tight” fluid coupling device 16, which may pro-
vide efliciency gains in other areas of vehicle operation such
as part throttle operation. Consideration should be paid to the
selection of materials for the friction facing layers 52 and 54,
as they will be subject to a more severe duty cycle. In order to
decrease the stall speed of the fluid coupling device 16, the
lock-up clutch 38 1s controlled 1n a partially engaging condi-
tion. By partially engaging the lock-up clutch 38, for any
given speed of the first power source 12 some of the torque
from the first power source 12 by-passes the fluid coupling
device 16 through the lock up clutch 38 to the locked reaction
clutch 46 and the transmission output shait 34. In addition, the
secondary power source 14 may be engaged to assist 1n pro-
viding additional torque to the torque transmitted by the fluid
coupling device 16.

Turning now to FIG. 3, the powertrain 10 1s shown 1n a
second gear and higher mode of operation. In this mode of
operation, the fluid coupling device 16 1s only partially filled
with hydraulic fluid thereby reducing spin losses within the
fluid coupling device 16, the reaction clutch 46 1s closed or
tully engaged, and the lock-up clutch 38 1s closed or fully
engaged. Accordingly, a zero slip condition 1s maintained
between the engine output member 22 and the transmission
gearbox input shatt 32 and a zero slip condition 1s maintained
between the transmission gearbox imput shaft 32 and the
transmission output shaft 34.
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In pure electric mode of operation where the primary
power source 12 1s disengaged and the second power source
14 1s engaged, the one-way clutch 45 disconnects the trans-
mission gearbox input shaft 32 from the first intermediate or
interconnecting member 28 and the fluid coupling device 16
when the second power source 14 overruns the one-way
clutch 45. This reduces parasitic losses from the partially
filled fluid coupling device 16.

The operating conditions shown in FIG. 2 are effective at
high engine load, such as values over a first predetermined
value of manifold air pressure (MAP), and at low engine
loads, such as values under a second predetermined value of
MAP. More specifically, at engine loads at or above the first
predetermined value, the reaction clutch 46 1s slipped. For
engine loads at or below the second predetermined value, the
reaction clutch 46 1s fully engaged and the lock-up clutch 38
1s slipped. For engine loads between these predetermined
values, the lock-up clutch 38 1s engaged and the reaction
clutch 46 1s fully engaged. For low MAP values after first gear
launch, the operating condition shown 1n FIG. 3 will be com-
manded (1.e. both clutches 38 and 46 are fully engaged).

With reference to FIG. 4, and continued reference to FIGS.
1-3, a method 100 for controlling the powertrain 10 will now
be described. The method begins at step 102 where it 1s
determined whether the motor vehicle 1s 1n a first gear launch
state (1.e. corresponding to first gear engagement, zero 1nitial
vehicle speed, and accelerator pedal engagement). If the
motor vehicle 1s not 1 a first gear launch state, then the
method proceeds to step 104 where the lock up clutch 38 an
any clutches or brakes, including the reaction clutch 46, asso-
ciated with the given gear speed are fully engaged. It the
motor vehicle 1s 1n a first gear launch state the method 100
proceeds to step 106 where the torque transmitted from the
fluid coupling device 16 1s compared to a desired value 1n
order to determine whether the fluid coupling device 16 1s
providing enough torque for the motor vehicle during launch.
If the torque transmitted from the fluid coupling 1s less than
the desired value, the secondary power source 14 1s energized
at step 108 1n order to provide additional torque to the trans-
mission 18. The method 100 then proceeds to step 110. If the
torque from the fluid coupling device meets or exceeds the
desired value, then no additional torque 1s necessary, and the
method 100 proceeds to step 110 where the engine load 1s
determined.

Next, at step 112, the engine load 1s compared to a first
predetermined load value. If the engine load exceeds the first
predetermined load value, then the method proceeds to step
114 where the reaction clutch 46 associated with first gear 1s
partially engaged (1.e. allowed to slip) and the lock up clutch
38 1s disengaged. If the load on the engine does not exceed the
first predetermined value, then the method 100 proceeds to
step 116 where the engine load 1s compared to a lower, second
predetermined load value. Ifthe load on the engine 1s less than
the second predetermined value, then the method 100 pro-
ceeds to step 118 where the lock up clutch 38 1s partially
engaged (1.e. allowed to slip) and the reaction clutch 46 asso-
ciated with first gear 1s fully engaged.

If the load on the engine 1s not less than the second prede-
termined load value (1.e. the load on the engine falls within a
range between the first and second predetermined load val-
ues), then the method proceeds to step 120 where the lock up
clutch 38 1s disengaged and the reaction clutch 46 associated
with first gear 1s fully engaged. This condition results in
normal or unmodified stall performance from the fluid cou-
pling device.

For higher gear states, the secondary power source 14 may
be selectively engaged to erther generate power for batteries
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or provide torque to the transmission 18. The one way clutch
45 limits spin losses associated with overrunning by the sec-
ondary power source 14.

The benefits of the present disclosure may include
enhanced fuel economy, enhanced driveability over a wide
range of operating conditions, and improved lock-up clutch
performance. Additionally the present disclosure may reduce
cost, mass, and packaging requirements by eliminating the
stator within the torque converter or enabling the use of a
smaller torque converter in some applications.

The description of the disclosure 1s merely exemplary in
nature and variations that do not depart from the gist of the
disclosure are mtended to be within the scope of the disclo-
sure. Such variations are not to be regarded as a departure
from the spirit and scope of the disclosure.

What 1s claimed 1s:

1. A method of controlling an automatic shifting power
transmission coupled to an engine, the automatic shifting
power transmission having a fluid coupling device, at least
one first gear reaction clutch disposed 1n series with the flud
coupling device, wherein an electric machine 1s disposed 1n
series with the fluid coupling device and the at least one first
gear reaction clutch, and a lock-up clutch disposed 1n parallel
with the fluid coupling device, the method comprising:

energizing the electric machine when the automatic shift-

ing power transmission 1s 1n a first gear launch to provide
additional torque to the at least one first gear reaction
clutch;

partially engaging the at least one {irst gear reaction clutch

when engine load 1s at or above a first predetermined
value to effect the first gear launch;

fully engaging the at least one first gear reaction clutch

when engine load 1s below a second predetermined
value; and

engaging the first gear reaction clutch and fully disengag-

ing the lock-up clutch when the load on the primary
engine 1s between the first predetermined value and the
second predetermined value.

2. The method of controlling an automatic shifting power
transmission of claim 1 further comprising providing a one
way clutch disposed 1n series with the fluid coupling device
and the electric machine.

3. The method of controlling an automatic shifting power
transmission of claim 2 wherein the one-way clutch 1s con-
figured to transmit torque from the fluid coupling device to
the electric machine and to prevent torque from transmitting,
from the electric machine to the fluid coupling device when
the electric machine overruns the fluid coupling device.
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4. The method of controlling an automatic shifting power
transmission of claim 1 further comprising disengaging the at
least one first gear reaction clutch when the automatic shifting
power transmission 1s 1n either a drive or a neutral gear state
and the engine 1s 1dling.
5. The method of controlling an automatic shifting power
transmission of claim 1, wherein the lock-up clutch 1s an
clectronically controlled capacity clutch.
6. The method of controlling an automatic shifting power
transmission of claim 1 further comprising fully engaging at
least one second gear reaction clutch when the automatic
shifting power transmission 1s 1n a second gear and engaging,
the lock-up clutch.
7. A method of controlling a transmission 1n a powertrain,
the powertrain having a primary engine, the method compris-
ng:
providing a fluid coupling device 1n series relationship with
the primary engine and a transmission output shaft;

providing an electric machine in series relationship with
the fluid coupling device and the transmission output
shaft;

providing a first gear reaction clutch 1n series relationship

with the fluid coupling device, the electric machine, and
the transmission output shaft;

providing a lock-up clutch in parallel relationship with the

fluad coupling device;

energizing the electric machine during a first gear launch to

provide additional torque to the first gear reaction
clutch;
monitoring a load on the primary engine;
partially engaging the first gear reaction clutch when the
load on the primary engine 1s at or above a first prede-
termined value to eflect the first gear launch; and

partially engaging the lock-up clutch and fully engaging
the first gear reaction clutch when the load on the pri-
mary engine 1s at or below a second predetermined
value; and

engaging the first gear reaction clutch and fully disengag-

ing the lock-up clutch when the load on the primary
engine 1s between the first predetermined value and the
second predetermined value.

8. The method of claim 7 wherein the first predetermined
value 1s approximately equal to the second predetermined
value.

9. The method of claim 7 further comprising disengaging
the first gear reaction clutch when the transmission 1s 1n either
a drive or a neutral gear state and the primary engine 1s 1dling.
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